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Introduction: Posttraumatic stress disorder (PTSD) is a disabling psychological disorder that 
affects about 7% of adults in the United States. PTSD and its symptoms have consistently been 
shown to have an inverse relationship with exercise participation. The strongest reported 
associations have been between high intensity exercise, and the hyperarousal and avoidance 
symptom clusters. Importantly, resistance training (i.e., weight lifting) is thought to have 
beneficial effects for several conditions that commonly co-occur with PTSD, such as anxiety, 
depression, and poor sleep quality. However, no studies have examined the effects of high 
intensity resistance training on PTSD symptoms. Purpose: This study sought to examine the 
effects of a 3-week high intensity resistance training program on the PTSD hyperarousal and 
avoidance symptom clusters, sleep quality, anxiety, and depression symptoms in anxious adults 
who screened positive for PTSD. Additionally, this study explored potential mechanisms of 
action (e.g., cognitive appraisal, perceived exertion, acute changes in affect, arousal, and 
distress) between exercise and PTSD. Methods: Thirty trait anxious individuals who screened 
positive for PTSD were randomly assigned to either a 3-week high intensity resistance training 
intervention, or a 3-week time-matched attention control group, while blocking for gender. Both 
groups were required to attend 3 on-site sessions per week, for 3 weeks (i.e., 9 total sessions). 
Each resistance training session consisted of a 5-minute warm-up, 20 minutes of high intensity 
resistance training, and a 5-minute cool-down. Each control session consisted of a brief 30-
minute educational video on topics not relating to exercise or PTSD. Changes in PTSD 
symptoms, sleep quality, anxiety and depression were analyzed using repeated measures 
  
 
ANOVA, and potential mechanisms of action were explored with a series of longitudinal mixed-
effects regression models. Results: Participants were 73.3% female, with a mean age of 29.1 
years (SD = 7.4), and 63.3% identified as a racial minority. Groups did not significantly differ at 
baseline. There was a Time*Group interaction for hyperarousal symptoms (F = 4.7, p = .04, η2 
.18), demonstrating a significantly larger reduction in hyperarousal symptoms for the resistance 
training group (d = -1.84) relative to the control (d = -1.13). The Time*Group interaction for 
avoidance symptoms was not significant (F = 1.7, p = .20, η2 = .08); however, the effect size of 
resistance training was larger (d = -2.71) than the control (d = -1.16). There was a significant 
Time*Group interaction for sleep quality (F = 4.7, p = .04, η2 = .19), demonstrating greater 
improvements in global sleep quality for resistance training (d = -1.06) relative to the control (d = 
-.15). However, there was no significant effect of Time on PTSD-related sleep disturbances (F = 
3.0, p = .1, η2 = .13) nor was there a significant Time*Group interaction (F = .09, p = .80, η2 < 
.01). Similarly, Time*Group interactions for anxiety (F = 3.5, p = .08, η2 = .14) and depressive 
symptoms (F = 2.7, p = .12, η2 = .11) were not significant. However, resistance training had a 
large effect on anxiety (d = -.81), and small effect on depression symptoms (d = -.41). 
Regarding the potential mechanisms of action, changes in cognitive appraisal significantly 
predicted changes in PTSD symptoms during the resistance training intervention (b = 7.1, SE = 
2.9, p = .02). Similarly, changes in perceived exertion during exercise was a significant predictor 
of PTSD symptoms over the 3-week intervention period (b = -3.1, SE = 1.2, p = .01). However, 
changes in affect, arousal, and distress did not significantly predict changes in PTSD (p’s >.05). 
Conclusion: This is the first randomized attention-controlled trial testing the effects of high 
intensity resistance training on PTSD symptoms. The overall results support the hypothesis that 
resistance training can beneficially affect PTSD symptoms and its commonly co-occurring 
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This dissertation is organized into three primary chapters. Following this overview, 
Chapter I reviews the observational and experimental research to date, and describes the 
theoretical rational used to guide the studies described in Chapters II and III. Chapter II 
discusses the pilot study that tested the feasibility and acceptability of a brief resistance training 
(i.e., weight lifting) intervention in individuals who screened positive for posttraumatic stress 
disorder (PTSD) using a randomized controlled design. The data collected from the pilot study 
provided valuable estimates of the effects of resistance training on PTSD symptoms and 
important correlates of PTSD, such as anxiety symptoms and sleep quality. Chapter III is the 
dissertation study, which sought to replicate the findings from the pilot study while making 
several methodological improvements. 
 Additionally, supporting materials are included in the Appendices following Chapter III. 
These materials include a published  systematic review of exercise and PTSD (Whitworth & 
Ciccolo, 2016) (see Appendix A), and published observational studies that were used in the 
development of the dissertation study (Whitworth, Craft, Dunsiger, & Ciccolo, 2017; Whitworth, 
SantaBarbara, et al., 2017) (see Appendices B and C). Finally, the Teachers College, Columbia 
University Institutional Review Board approved study materials can be found in Appendix D. 
 
Observational Research on PTSD and Exercise  
To date, most of the research on PTSD and exercise has been observational in design, 
with few experimental trials. The results from the observational studies generally show that 
exercise participation is inversely associated with both a PTSD diagnosis (Chwastiak, 
Rosenheck, & Kazis, 2011) and PTSD symptoms (LeardMann, Kelton, Smith, Littman, & Boyko, 
2011; Whitworth, Craft, et al., 2017; Whitworth, SantaBarbara, et al., 2017). Research has also 




2014) and chronic pain (Bourn, Sexton, Porter, & Rauch, 2016), and alcohol use (Medina et al., 
2011).  
 Despite these encouraging findings, the research has several notable limitations. For 
instance, most studies used a cross-sectional design. Currently, there are only three published 
longitudinal studies that have measured both PTSD and exercise at multiple time points. The 
first demonstrated that trauma exposure and the emergence of PTSD symptoms predicted 
increases in physical inactivity over time (Winning et al., 2017). Another study showed that 
regular high intensity exercise longitudinally predicted better sleep quality and lower PTSD 
symptoms (Whitworth, Craft, et al., 2017). While the third study found that exercise participation 
had significant beneficial effects on sleep quality, but not PTSD symptoms (Bosch, Weaver, 
Neylan, Herbst, & McCaslin, 2017). The contrasting results of these studies highlight the need 
for further longitudinal examinations of these relationships. 
Another important limitation of the observational research is the consistent use of single-
item, self-report measures of exercise frequency. Other components of exercise dose, such as 
intensity, or volume, are rarely measured (Whitworth & Ciccolo, 2016). Importantly, in the few 
studies to have assessed exercise intensity, the strongest observed associations between 
exercise and PTSD have been for high intensity exercise (Harte, Vujanovic, & Potter, 2013; 
LeardMann et al., 2011; Whitworth, Craft, et al., 2017; Whitworth, SantaBarbara, et al., 2017). 
Another notable gap in the literature is that most of the observational work has primarily focused 
on the relationship between physical inactivity and a PTSD diagnosis (e.g., exploring physical 
inactivity as a risk factor for PTSD or as a possible consequence of PTSD), rather than 
examining the relationship between exercise and specific PTSD symptoms. This approach 
overlooks the potential benefits exercise may have on PTSD symptoms or related conditions. 
Finally, many of the existing studies have relied heavily on samples of convenience and 
primarily focused on individuals connected to healthcare. This is an important limitation, as 




seek help (Elbogen et al., 2013). Furthermore, the relationship between exercise, and PTSD 
among those with other mental health conditions is not clear, as many studies have excluded 
individuals with a co-occurring mental illness. This has severely limited the generalizability of 
these studies, given the high prevalence of co-occurring mental illness in this population 
(Ginzburg, Ein-Dor, & Solomon, 2010). 
 As a whole, these studies suggest that there is a link between exercise, and PTSD. 
However, the numerous methodological limitations prevent a clear understanding of the nature 
of this relationship. Most prominently, the current body of observational research largely 
consists of cross-sectional designs, has biased samples, and does not adequately describe the 
relationship between exercise, PTSD, and its symptoms. As such, there is clear need and 
rationale to move forward with further investigations of the relationships between exercise and 
PTSD. 
 
Experimental Research on PTSD and Exercise 
In addition to the limitations present in the observational research, the field also suffers 
from a lack of experimental studies examining the relationship between PTSD and exercise. To 
date, there are few controlled trials, and most have been conducted in the past three years 
(Crombie, Brellenthin, Hillard, & Koltyn, 2018; Goldstein et al., 2018; Hall et al., 2016; Powers et 
al., 2015; Rosenbaum, Sherrington, & Tiedemann, 2015). The first published randomized 
controlled trial was conducted by Powers et al. (2015), and had participants complete 12 weeks 
of either cognitive behavioral therapy, or combined aerobic exercise and cognitive behavioral 
therapy. Both groups met once per week (i.e., 12 total sessions). For the exercise condition, 
each session consisted of 30 minutes of moderate intensity treadmill running followed 
immediately by a psychotherapy session. The combined aerobic exercise and cognitive 
behavioral therapy group had larger beneficial effects on PTSD symptoms than the cognitive 




this study used a control condition, it was not an attention control. The control condition was 
cognitive behavioral therapy only, and no attempt was made to standardize the participation 
time between the intervention and control group, resulting in the intervention group receiving at 
least six hours (i.e., twelve 30-minute exercise sessions) more attention from the researchers 
than the control group. As such, the effect of attention may have confounded the results of this 
study. Additionally, the sample size was small (n = 9), and consisted of predominantly white, 
non-Hispanic women, further limiting the generalizability of the results. 
In the second published randomized controlled trial examining the effects of exercise on 
PTSD symptoms (Rosenbaum et al., 2015), 81 patients from a residential PTSD treatment 
facility were randomly assigned to usual care, or usual care plus exercise. The exercise 
intervention consisted of moderate intensity walking and resistance exercises with resistance 
tubing. There were up to three exercise sessions per week (i.e., one supervised and two 
unsupervised). Results showed significantly greater improvements in PTSD symptoms for the 
combined usual care plus exercise group, which is consistent with Powers et al. (2015). 
However, this study also suffers from several notable limitations. Similar to Powers et al. (2015), 
this study did not use an attention control, and it is unclear if the duration of the supervised 
exercise sessions were standardized in the exercise group. Another limitation is the usual care 
component. Participants received psychotherapy, medications, or a combination of both as part 
of their treatment. However, the treatment techniques were not consistent across all 
participants. This threatens the internal validity of this study because there are well known 
differences in the effect sizes of different evidence based treatments (Watts et al., 2013). 
Finally, this study had low participant adherence. The mean attendance of the supervised 
exercise sessions was only 58%, and nearly 30% of those randomized dropped out. 
Additionally, no data from the unsupervised exercise sessions were presented. Given the low or 




numerous limitations in this study not only suggest caution when interpreting the results, but 
also make replication of the study difficult. 
 In another much larger experimental study Hall et al. (Hall et al., 2016) examined the 
effects of physical activity counseling on 302 older veterans (i.e., ages ≥60) with and without 
PTSD. Participants were randomly assigned to either six weeks of physical activity counseling 
or usual care. The physical activity counseling consisted of a single in person counseling 
session and three bi-weekly counseling sessions held over the phone. The results 
demonstrated that the physical activity counseling group had significantly larger increases in 
physical activity, improved 6-minute walk test scores, and improvements in health-related 
quality of life at the 12-month follow-up relative to the usual care condition. Additionally, 
subsequent analyses found no differences in any of the outcome variables when comparing 
individuals with and without PTSD, suggesting that individuals with PTSD responded similarly to 
the intervention as those without PTSD. This is an important finding because prior research has 
consistently linked PTSD to physical inactivity (Chwastiak et al., 2011; Winning et al., 2017), 
and further supports the potential value of physical activity interventions in this population. 
 In a more recent study, Goldstein et al. (2018) tested the effects of a group exercise 
program on PTSD symptoms. Participants (n = 47), were randomly assigned to a 12-week 
exercise intervention or a waitlist control. The exercise condition consisted of three, one-hour 
group exercise sessions per week for 12 weeks. Within each session participants engaged in a 
variety of activities including, aerobic exercise, resistance training with bands, yoga, and 
mindfulness meditation. The results showed that the exercise condition produced significantly 
larger improvements in PTSD symptoms relative to the control. Specifically, these 
improvements were attributed to changes in the hyperarousal symptom cluster. However, like 
the previously discussed studies testing exercise interventions, this study made no effort to 
account for attention or the social aspects of the intervention. Given the intervention was group 




use of yoga, and meditation as part of the intervention. Both practices have been shown to have 
beneficial effects of PTSD symptoms (Gallegos, Crean, Pigeon, & Heffner, 2017). As such, 
determining the unique effects of exercise on PTSD from this study are impossible. 
 In a final example of the recent experimental research, Crombie et al. (2018) tested the 
effects of a single bout of moderate intensity aerobic exercise in individuals with and without 
PTSD (n = 24). The exercise session consisted of a 10-minute warm-up, 30 minutes of treadmill 
walking or running at 70-75% of the participant’s estimated maximum heart rate, followed by a 
5-minute cool-down. Both groups reported significant improvements in state affect, anxiety, 
increased arousal, and decreased fatigue, tension, confusion and pain. Additionally, the PTSD 
group reported significantly larger changes in affect, anxiety, fatigue, tension, and confusion 
from pre to post exercise. Taken as a whole, the findings of this study have some important 
implications. For instance, the acute beneficial psychological effects of exercise demonstrated in 
this study provide preliminary evidence that exercise may be an effective coping strategy for 
individuals with PTSD. These findings may also help to explain some of the chronic benefits of 
exercise described in the longitudinal experimental studies of exercise and PTSD. However, it is 
important to note the duration of these effects was not assessed. As such, it is not possible to 
tell how long lasting these effects are. 
Despite the recent attention by researchers and overall positive findings reported in the 
presently available experimental research, the limitations of this work prevent a clear 
understanding how exercise affects PTSD. Future research will need to make use of more 
rigorous designs by controlling for attention, standardizing experimental and control conditions, 
and examining the specific components of exercise dose, such as mode of exercise or intensity. 
 
Theoretical Rationale 
To advance the field of PTSD and exercise research, we sought to address the 




controlled trial testing the effects of high intensity resistance exercise on PTSD. The rationale 
for proceeding in this direction was based on three key factors.  
First, few studies have described why excise may have unique benefits for PTSD 
beyond the known benefits of exercise on related conditions such as depression (Ekkekakis, 
2015) and anxiety (Stubbs et al., 2017). As such, theoretically guided studies are needed. To fill 
this gap, we looked to the current evidence-based treatments for PTSD when designing this 
trial. Specifically, the current gold standard treatment for PTSD is prolonged exposure (PE) 
therapy (Rauch, Eftekhari, & Ruzek, 2012). PE is a form of trauma focused cognitive behavioral 
therapy that centers on overcoming the symptoms of PTSD by repeatedly facing triggering 
memories and situations that are pathologically avoided. Over time and repeated exposures, 
patients are able to process that the triggers are safe, facilitating fear extinction and enabling 
recovery (Foa, Hembree, & Rothbaum, 2007). 
Similarly, the Cross-Stressor Adaptation Hypothesis posits that repeated exposures to a 
specific stressor that is of sufficient intensity and/or duration can facilitate adaptations in the 
stress response system that ultimately lead to a reduction in the stress response to other 
stressors (Sothmann et al., 1996). For example, repeated bouts of exercise may lead to the 
habituation to the feelings of the stress response (e.g., increased heart rate and 
breathlessness). Once habituation occurs, a reduction in the response to other stressors (e.g., 
PTSD symptom triggering stimuli) is possible. In sum, exercise can be viewed as a potential 
exposure intervention, targeting specifically the interoceptive cues elicited from the stress of 
exercise.  
 Importantly, application of this model requires the exercise to be sufficiently intense to 
facilitate adaptation. As such, the second factor is exercise intensity, specifically, high intensity 
exercise. Our prior observational research has demonstrated that high intensity exercise is 
longitudinally associated with the avoidance and hyperarousal symptom clusters of PTSD 




reported regular high intensity exercise also reported significantly less severe avoidance and 
hyperarousal symptoms when compared to those who were physically inactive. Importantly, 
moderate and light intensity were not associated with any of the PTSD symptom clusters, which 
is similar to the findings of other research that only found significant correlations between high 
intensity exercise and PTSD symptoms (Harte et al., 2013). Thus, there is a considerable 
amount of evidence from both our own and other research suggesting that exercise intensity 
plays a role in the relationship between PTSD and exercise.   
 The third factor is the mode of exercise. The available research examining the effects of 
exercise on PTSD is almost exclusively limited to aerobic exercise (Diaz & Motta, 2008; Fetzner 
& Asmundson, 2014; Manger & Motta, 2005; Newman & Motta, 2007). To our knowledge, only 
two studies have included resistance training in the exercise intervention (Goldstein et al., 2018; 
Rosenbaum et al., 2015). However, in these studies, resistance training was combined with 
aerobic exercise, leaving the standalone effects of resistance training on PTSD symptoms 
unexplored. Resistance training is well known to have its own independent and beneficial 
effects on physical and mental health (Ciccolo, Carr, Krupel, & Longval, 2010) and should 
therefore be tested. To address this gap, we designed this study to assess the feasibility and to 











Research Question 1: What is the effect of a 3-week high intensity resistance training 
intervention on PTSD symptoms when compared to a 3-week time-matched attention control? 
Hypothesis 1a: Total PTSD symptoms will decrease significantly more from baseline to 
follow-up for the resistance training group compared to the control. 
Hypothesis 1b: Individual PTSD symptoms (i.e., re-experiencing, avoidance behaviors, 
mood, and hyperarousal) will decrease significantly more from baseline to follow-up for 
the resistance training group compared to the control 
 
Research Question 2:  What is the effect of a 3-week high intensity resistance training 
intervention on PTSD co-occurring conditions (i.e., anxiety, depressive symptoms, sleep quality, 
and physical pain) when compared to a 3-week time-matched attention control? 
Hypothesis 2: Co-occurring anxiety, depressive symptoms, sleep quality, and physical 
pain will improve significantly more from baseline to follow-up for the resistance training 




 Participants were recruited from the local community using Craigslist, flyers, and 
advertisements in a local newspaper. Interested individuals were instructed to call an 
independent line to be screened for initial eligibility over the phone. Individuals initially eligible 
were invited to Teachers College for an in-person eligibility screening. Consenting participants 
completed baseline assessments over the course of a two-week run-in period. Participants were 
then randomly assigned to either the resistance training or time matched attention control group 
using a blocked design to ensure equal numbers of men and women in each group. Follow-up 




study received $150 in compensation (i.e., $55 to compensate for 10 round trips, using public 
transportation, and $95 in cash incentives). The study was approved by the Teachers College 
Institutional Review Board. All data were collected between January 2016 and December 2016.  
 
Participants 
 Participants were urban dwelling men and women, aged 18+, who reported having 
experienced at least one traumatic event, and scored above the cutoff score on the 
Posttraumatic Diagnostic Scale (see description in the measures section) (Foa et al., 2015). 
Exclusion criteria included medical contraindications to high intensity exercise or resistance 
training (e.g., musculoskeletal disorders, heart, lung, or metabolic disorders), currently in or 
seeking mental health treatment for PTSD, and currently engaging in >60 minutes of weekly 
leisure exercise or any resistance training. 
 
Measures 
Demographics and Health History 
 Demographic data collected included age, gender, race/ethnicity, height and weight, 
education, and income. Additionally, a health history interview was conducted to screen for any 
contraindications to exercise, and to determine if participants were seeking/currently engaged in 
treatment for PTSD. 
 
Trauma History and PTSD Symptoms 
 PTSD screening and symptoms were assessed with the Posttraumatic Diagnostic Scale 
for DSM-5 (PDS5). The PDS5 is a four-part self-report PTSD screening scale (Foa et al., 2015). 
Section 1 is a trauma inventory, where individuals indicate what traumatic event(s) they have 
experienced (e.g., military combat, sexual assault, or child abuse). Section 2 consists of 20, 5-




items are ranked from “Not at all” to “6 or more times a week/severe”, and represent each of the 
updated PTSD symptom clusters in the DSM-5 (i.e., re-experiencing, avoidance behaviors, 
negative changes in mood and cognitions, and hyperarousal symptoms) (American Psychiatric 
Association., 2013). Section 3 assesses how much distress and inference to activities of daily 
living the symptoms from section two cause individuals, while section four determines when the 
symptoms started and how long they have persisted. 
 For scoring, section two is summed for a total PTSD symptom severity score. 
Additionally, severity scores representing the each of the individual symptom clusters can be 
calculated. Valid total scores range from 0-80, with higher scores indicating worse PTSD 
symptoms. The PDS5 has excellent internal consistency (α = .95) and test-retest reliability (r = 
.90) and is strongly correlated with the PCL (r = .90). Additionally, receiver operating 
characteristic analyses has identified a total score of ≥28 as the optimal cut off for a positive 
screening for PTSD (Foa et al., 2015).  
 
Trait Anxiety 
 Trait anxiety was assessed using the State-Trait Anxiety Inventory (STAI)-Y2 form 
(Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). The STAI-Y2 form is a 20-item sub 
scale representing trait anxiety. Each item has 4-points, ranking from “Almost never” to “Almost 
always”. Valid scores range from 20-80, with higher scores indicated greater levels of trait 
anxiety. The STAI has been shown to be a reliable and valid measure of both trait and state 
anxiety (Spielberger et al., 1983). Additionally, a score of ≥45 has been recommended as a cut 
off for a positive screening for a possible anxiety disorder (Bunevicius et al., 2013). 
 
Depressive Symptoms 
 Depressive symptoms were assessed using the Center for the Epidemiological Studies 




assesses the frequency of depressive symptoms in the past week. Each of the 4-point items is 
ranked from “Rarely or none of the time (<1 day)” to “Most or all of the time (5-7 days)”. Items 
are summed to represent a total depressive symptom severity score. Valid scores range from 0-
30, with higher scores representing greater levels of depression severity. The CESD has been 
found to be a valid and reliable depression assessment in the general population (Radloff, 1977) 
and in psychiatric populations (Bjorgvinsson, Kertz, Bigda-Peyton, McCoy, & Aderka, 2013), 
and a score of ≥10 can be used for a positive screening for depression (Andresen, Malmgren, 
Carter, & Patrick, 1994). 
 
Sleep Quality 
 Global sleep quality for the past month was assessed with the full Pittsburgh Sleep 
Quality Index (PSQI). The PSQI is a self-report 19-item scale that assess seven components of 
sleep, including sleep quality, latency, duration, efficiency, disturbances, use of sleep 
medications, and daytime dysfunction (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989). 
Scores range from 0 to 21. Higher total scores indicate worse global sleep quality and a cut-
point of >5 indicates poor global sleep quality (sensitivity 89.6% and specificity 86.5%). The 
PSQI  has good internal consistency (α = .83) is a valid assessment of global sleep quality 
(Buysse et al., 1989). 
 
Physical Pain 
 Overall physical pain in the past month was assessed using the 2-item self-report Bodily 
Pain sub-scale of the Short Form Health Survey (Ware & Sherbourne, 1992). In this scale, the 
first item corresponds with pain intensity, consisting of 6-points ranking from “none” to “very 
severe”. The second item represents the amount pain has interfered with work or activities of 
daily living, and it has a 5-point ranking from “not at all” to “extremely”. Total scores range from 




Health Survey is a simple, valid, and reliable measure of overall physical pain in the past month 
(Hawker, Mian, Kendzerska, & French, 2011). 
 
Alcohol Use 
 The 10-item interview version of the Alcohol Use Disorder Identification Test (AUDIT) 
was used to assess hazardous alcohol use (i.e., frequency and quantity of alcohol 
consumption), alcohol dependence, and harmful alcohol use (e.g., blackout, alcohol-related 
injuries, and guilt after drinking). For scoring, the 10-items are summed, with valid scores 
ranging from 0-40, and higher scores indicating a greater risk for alcohol dependence. Scores of 
≥20 represent the cut point for “Zone IV” risk level and should be referred to a health provider 
for further evaluation for an alcohol use disorder. The reliability and validity of the AUDIT are 
well established (Spence, McGannon, & Poon, 2005). 
 
Perceived Exertion  
 The Category Ratio Perceived Exertion Scale (Noble, Borg, Jacobs, Ceci, & Kaiser, 
1983) was used to assess the participants’ rating of perceived exertion (RPE) during each 
resistance training session. The Category Ratio Perceived Exertion Scale consists of a single 
item where participants were asked to rate how hard the exercise session was. The item is 
ranked from 0 through 10, with 0 representing “Rest” and 10 being “Maximal” effort. Prior 
research has shown scores >6 are consistent with high intensity for resistance training (Day, 
McGuigan, Brice, & Foster, 2004; Sweet, Foster, McGuigan, & Brice, 2004). 
 
Muscular Strength Assessment 
 Muscular strength was tested following the guidelines established by the National 
Strength and Conditioning Association for determining a multiple repetition maximum (RM) 




multiple RM approach in lieu of the traditional 1-RM is recommended when working with 
inexperienced individuals. Additionally, 1-RM testing is contraindicated for single joint exercises, 
such as biceps curls (Haff et al., 2015). An 8-RM was specifically selected for this study 
because it is equivalent to 80% of an individual’s 1-RM, which is considered consistent with high 
intensity (Garber et al., 2011). 
  Muscular strength was assessed for squats, bench press, lat pull-down, overhead 
press, and biceps curls. Prior to testing, participants warmed up on a stationary bicycle for 3-5 
minutes, followed by progressively heavier warm-up sets for each exercise. During testing, if a 
successful 8-RM attempt was made, then the load was increased by 5% to 10% for upper body 
exercises (i.e., bench press, lateral pull-down, overhead press, and biceps curls), and 10% to 
20% for the lower body (i.e., squats). Participants rested for 2-4 minutes between each set and 
exercise and were given three attempts at reaching their 8-RM. Importantly, muscular strength 
was assessed twice during baseline; once in the first week, and again in the second week of 





 The resistance training intervention consisted of three, 30-minute sessions per week for 
three weeks (i.e., nine total sessions). Each 30-minute session included a 5-minute warm up on 
a stationary bicycle, five resistance training exercises (i.e., squats, bench press, lat pull-down, 
overhead press, and biceps curls) done over the course of 20 minutes, and a 5-minute cool 
down on a stationary bicycle. For each of the exercises, the load was equal to the greatest 8-
RM achieved during the initial baseline assessments. To ensure that the exercise intensity was 
high, participants were instructed to perform each exercise to muscular failure for each set 




Additionally, participants rested for 60 to 90 seconds between sets and exercises. For safety, all 
training sessions were one on one, supervised by a certified personal trainer, and participant 
heart rate was monitored throughout each session. Additionally, training sessions were only 
conducted on nonconsecutive days (e.g., Monday, Wednesday, and Friday). This was done 
ensure proper recovery from each session. 
 
Attention Control 
 In each of the nine, 30-minute sessions, participants learned about and discussed 
different educational topics (e.g., nutrition, anatomy and physiology, the universe) through 
educational videos and discussions. These topics carefully avoided any discussion of exercise, 
trauma, and PTSD. To be consistent with the experiences of the intervention group, sessions 
were one on one, and participants were also required to wear a heart rate monitor during their 
sessions. Additionally, appointments were only scheduled on nonconsecutive days (e.g., 
Monday, Wednesday, and Friday). 
 
Statistical Analysis 
 Data were analyzed using two-way repeated measures analysis of variance (ANOVA). 
Specifically, the within-subjects factor “time” consisted of two levels (i.e., baseline and follow-up 
testing). Similarly, the between-subjects factor “group”, also consisted of two levels (i.e., 
resistance training and control). Primary (i.e., PTSD symptoms) and secondary (PTSD co-
occurring conditions) outcomes were used as dependent variables. Statistical significance was 
set a priori at p < .05. 
 
Results 
 A total of 211 individuals were screened by phone. Of these, 22 were fully eligible and 




screening to analysis. The mean age of the randomized sample was 33.0 years (SD = 13.3), 
with 81.8% women, and 77.3% identifying as a racial minority. Additionally, the average total 
PDS5 score at baseline was 41.0 (SD = 9.5), and scores for the re-experiencing, avoidance 
behaviors, mood and cognitions, and hyperarousal symptom clusters were: 9.7 (SD = 3.7), 5.2 
(SD = 2.0), 14.8 (SD = 4.6), and 11.3 (SD = 5.4) respectively. Participants also reported an 
average of 3.9 (SD = 1.8) traumatic events. The most commonly reported traumas were child 
abuse (i.e., 59.1%) and serious accidents, such as a car accident (i.e., 54.5%). There were no 
significant between group differences for any variable at baseline. Baseline descriptive 
characteristics of the sample divided by group can be seen in Table 1, and a summary of the 
participants’ trauma history are in Table 2. 
 The average number of the nine study sessions attended for the resistance training 
group was 8.4 (SD = 2.1), and 8.3 (SD = 2.1) for the control group. This equates to a 93.3% and 
92.2% session attendance rate for the resistance training and control groups respectively. 
Importantly, the average number of sessions attended was not significantly different between 
groups, ensuring similar dose and comparability between groups. Additionally, the average 
session RPE for the resistance training group was 6.6 (SD = 1.2), which is consistent with what 







Assessed for potential 
eligibility over phone 
(n=211) 
Screened for eligibility in 
person (n=44) 
Excluded (n=122) 
• Not meeting PTSD criteria (n=22) 
• In treatment for PTSD (n=45) 
• Too physically active (n=26) 
• Medical contraindications (n=24) 
• <18 years old (n=1) 
Excluded at Baseline (n=22) 
• Not meeting PTSD criteria (n=14) 
• Medical contraindications (n=4) 
• Schedule conflicted with study (n=2) 
• No longer Interested (n=2) 
Lost before Baseline (n=45) 
• Unreachable/No Show (n=45) 
Randomized (n=22) 
Resistance Training (n=11) Attention Control (n=11) 
Did not receive intervention (n=1) 
• Lost contact (n=1) 
Did not receive intervention (n=1) 
• Moved out of state (n=1) 
Lost to Follow-up 
(n=0) 
Lost to Follow-up 
(n=0) 
Analyzed (n=9) 
• Excluded: Suffered another 
traumatic event during the 
course of the study (n=1) 
Analyzed (n=10) 
• Excluded (n=0) 









Table 1. Study II Sample characteristics (n=22)   
  Intervention (n=11) Control (n=11) 
 Mean (standard deviation) 
Age 33.8 (11.1) 32.1 (15.6) 
Body Mass Index 27.5 (11.4) 27.4 (4.6) 
Muscular Strength, 8-RM   
Squats, lbs. 110.0 (45.6) 115.5 (58.0) 
Bench press, lbs. 32.7 (40.5) 30.9 (30.2) 
Lateral pull-down, lbs. 52.7 (19.5) 53.6 (22.4) 
Overhead press, lbs. 35.0 (11.2) 31.8 (11.2) 
Biceps curls, lbs. 33.2 (10.8) 31.4 (13.6) 
   
 n (%) 
Gender (women) 9 (81.8%) 9 (81.8%) 
Race   
White 3 (27.3%) 2 (18.2%) 
Black or African American 4 (36.4%) 4 (36.4%) 
Asian 2 (18.2%) 4 (36.4%) 
Other 2 (18.2%) 1 (9.1%) 
Education   
High school or less 2 (18.2%) 2 (18.2%) 
Some college/vocational school 4 (36.4%) 1 (9.1%) 
Completed college/vocational school 5 (45.4%) 8 (72.7%) 
Employment status   
Employed at least part time 5 (45.4%) 6 (54.5%) 
Unemployed 4 (36.4%) 2 (18.2%) 
Other 2 (18.2%) 3 (27.3%) 
Household Income   
≤$15,000 2 (18.2%) 3 (27.3%) 
$15,001-$25,000 3 (27.3%) 0 (0.0%) 
$25,001-$40,000 1 (9.1%) 0 (0.0%) 
$40,001-$60,000 2 (18.2%) 1 (9.1%) 
>$60,001 0 (0.0%) 2 (18.2%) 
Do not know 3 (27.3%) 4 (36.4%) 







Table 2. Trauma Exposure History (n=22) 
Trauma type n (%) 
Serious, life threatening illness 6 (27.3%) 
Physical assault 10 (45.5%) 
Sexual assault 11 (50.0%) 
Military combat 1 (4.5%) 
Child abuse 13 (59.1%) 
Serious accident 12 (54.5%) 
Natural disaster 4 (18.2%) 
Other 6 (27.3%) 
 
Resistance Training vs. Control for PTSD Symptoms 
 When comparing groups, there was a significant effect of Time (F = 15.3, p < .01, η2 = 
.47) for total PTSD symptoms, such that the mean total score on the PDS5 significantly 
decreased from baseline to follow-up for both groups. However, there was no observed 
difference between groups (i.e., Time*Group: F <.01, p = .98, η2 < .01). Additionally, there were 
significant effects of Time for re-experiencing (F = 11.8, p < .01, η2 = .41), mood/cognitive (F = 
10.6, p < .01, η2 = .39), avoidance (F = 13.6, p < .01, η2 = .45), and hyperarousal symptoms (F = 
8.1, p = .01, η2 = .32). However, similar to total PTSD symptoms, there were no significant 
Time*Group interactions for re-experiencing (F = .09, p = .77, η2 < .01), mood/cognitive (F = .04, 
p = .85, η2 < .01), avoidance (F = .09, p = .77, η2 < .01), or hyperarousal symptoms (F = .10 p = 
.76, η2 < .01). See Table 3 for specific a comparison of PTSD symptom scores by group.  
 
Table 3. Comparison of PTSD Symptoms Between Resistance Training and Control 
 Resistance Training, Mean (SD)  Control, Mean (SD) 
  Baseline Follow-up   Baseline Follow-up 
Total PDS5 37.8 (10.7) 25.6 (16.7)†  43.3 (8.8) 30.9 (15.0)† 
Re-experiencing 9.1 (4.9) 6.0 (4.7)  10.0 (3.1) 6.3 (2.8)† 
Avoidance 4.8 (2.3) 2.7 (2.1)†  5.5 (1.8) 3.7 (2.1)† 
Mood/cognitive 13.6 (4.4) 9.6 (6.4)  15.0 (5.1) 10.5 (7.6)† 
Hyperarousal 10.3 (6.8) 7.3 (7.2)   12.8 (3.0) 10.4 (4.9) 




Resistance Training vs. Control for PTSD Co-occurring Conditions 
 Examination of PTSD co-occurring conditions revealed significant effects of Time for trait 
anxiety (F = 5.3, p = .03, η2 = .24). Additionally, there was a significant Time*Group interaction 
(F = 6.8, p = .02, η2 = .29), such that the resistance training group reported significantly less 
anxiety at follow-up than the control group. Similarly, there was significant main effect of Time 
for sleep quality (F = 8.8, p < .01, η2 = .36), as well as a significantly Time*Group interaction (F 
= 20.8, p < .01, η2 = .57). Specifically, the resistance training group reported significantly better 
sleep quality at follow-up, relative to the control group. There were no significant main effects or 
interactions for depressive symptoms, alcohol use, or pain (p’s > .05). See Table 4 for 
comparisons of PTSD co-occurring conditions by group. 
 
Table 4. Comparison of Co-occurring Conditions Between Resistance Training and Control 
 Resistance Training, Mean (SD)  Control, Mean (SD) 
  Baseline Follow-up   Baseline Follow-up 
STAI 54.7 (11.5) 46.2 (12.6)†‡  48.3 (11.8) 48.8 (13.8) 
CESD 15.1 (6.8) 11.0 (7.0)  13.2 (3.9) 13.6 (8.0) 
PSQI 11.3 (4.9) 7.1 (4.1)†‡  7.6 (2.2) 8.4 (2.9) 
AUDIT 1.9 (2.3) 1.6 (1.3)  4.2 (5.5) 4.5 (6.8) 
Pain 80.0 (15.5) 78.1 (17.5)   79.0 (18.8) 84.0 (16.9) 
STAI=State-Trait Anxiety Inventory; CESD=Center for the Epidemiological Studies of 
Depression Short Form; PSQI=Pittsburgh Sleep Quality Index; AUDIT=Alcohol Use Disorder 
Identification Test; SD=standard deviation; †=p<.05 vs. Baseline; ‡=p<.05 vs. Control 
 
 
Effects of Resistance Training in Participants with PTSD Co-occurring Conditions   
 Given that the primary analysis demonstrated no significant between-group differences 
and similar effect size changes for PTSD symptoms, we further examined the individual 
responses of the participants to better understand the results. It appears there was a large 
amount of variability in how participants responded to the resistance training intervention, with a 




point reduction in total PDS5 score from baseline to follow-up, while others reported little to no 
change. This suggests that some factor may be present in the “responder” group and had an 
influential role. As such, additional exploratory analyses were conducted on participants 
reporting co-occurring anxiety or depressive symptoms.  
  There were 13 participants (i.e., seven resistance training, and six control participants) 
who scored above the cut-off for a possible anxiety disorder (i.e., ≥45 on the STAI). Examining 
the intervention effects demonstrated a significant effect of Time for total PDS5 score (F = 10.1, 
p < .01, η2 = .48), as well as the re-experiencing (F = 6.8, p = .03, η2 = .38), mood/cognitive (F = 
6.0, p = .03, η2 = .35), avoidance (F = 8.9, p = .01, η2 = .45), and hyperarousal (F = 6.4, p = .03, 
η2 = .37) symptom clusters. Examination of potential Time*Group interactions, revealed no 
significant effects for total PDS5 score (F = 1.3, p = .28, η2 = .11), re-experiencing (F = .11, p = 
.75, η2 = .01), mood/cognitive (F = .51, p = .49, η2 = .04), avoidance (F = 2.7, p = .13, η2 = .20), 
and hyperarousal symptoms (F = 2.5, p = .14, η2 = .18). 
 As significant differences between the groups would not be expected with such a small 
sample, it is notable that the effect size of the Time*Group interactions for the avoidance and 
hyperarousal symptoms were medium. Additionally, a visual inspection of mean avoidance and 
hyperarousal symptoms at baseline and follow-up for each group, suggest a potential 
Time*Group interaction (see Figure 2). Specifically, it appears that for avoidance and 
hyperarousal symptoms, trait anxious resistance training participants may have improved to a 
greater degree relative to the control group. As such, post hoc power analyses were conducted 
for the repeated measures within-between subjects interactions based on the 13 participants 
with trait anxiety and calculated effect sizes for avoidance and hyperarousal symptoms (using 
G*Power 3.1). The achieved power for these analyses was 32% and 30% for avoidance and 
hyperarousal symptoms respectively. Unsurprisingly, they were not adequately powered to 






 Regarding depressive symptoms, there were 17 participants (eight resistance training 
and nine control) who screened positive for depression (i.e., scoring ≥10 on the CESD). 
Examination of the treatment effects revealed similar results to the analysis of the full sample. 
Specifically, there was a significant effect of Time for total PDS5 score (F = 11.2, p < .01, η2 = 
.43), re-experiencing (F = 8.1, p = .01, η2 = .35), mood/cognitive (F = 8.3, p = .01, η2 = .36), 
avoidance (F = 9.1, p < .01, η2 = .38), and hyperarousal symptoms (F = 7.7, p = .01, η2 = .34). 
Additionally, analysis of potential Time*Group interactions for total PDS5 score (F = .01, p = .94, 
η2 < .01), re-experiencing (F = .32, p = .58, η2 = .02), mood/cognitive (F = .02, p = .88, η2 < .01), 
avoidance (F = .03, p = .86, η2 < .01), and hyperarousal symptoms (F = .20, p = .66, η2 = .01) 
were not significantly different. Furthermore, the effect sizes of these interactions were all small. 
  
Discussion 
 This study aimed to assess the feasibility and test the effects of a 3-week high intensity 
resistance training intervention on PTSD symptoms using a randomized attention-controlled 
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significantly less total PTSD symptoms at follow-up. There were no group differences for total 
PTSD symptoms or any of the individual symptom clusters; however, the resistance training 
group did report significantly greater improvements in sleep quality and anxiety at follow-up, 
relative to the control group. 
 The null between group differences for PTSD symptoms was an unexpected finding. 
Prior research has shown exercise to be is inversely associated with PTSD symptoms 
(Chwastiak et al., 2011; LeardMann et al., 2011; Vujanovic, Farris, Harte, Smits, & Zvolensky, 
2013); and multiple randomized controlled trials reported exercise to have a beneficial effect on 
PTSD symptoms (Powers et al., 2015; Rosenbaum et al., 2015). There are however, several 
possible explanations for the contrasting findings of the present study.  
First, unlike prior research, this study used a time-matched attention control, and this 
resulted in a more rigorous test of the effects of exercise on PTSD symptoms. Thus, it may be 
that exercise provides a beneficial effect, but it is only equal to an attention control. In addition, it 
is also possible that, as hypothesized above, there is considerable variation in how individuals 
with PTSD respond to exercise, particularly those with other mental illness. This is supported by 
the findings of our exploratory analyses on those with high anxiety scores.  
 Second, while there were no significant differences between the groups for PTSD 
symptoms, the resistance training group reported significantly less anxiety, and better sleep 
quality than the control group at follow-up. Considering the findings discussed above, the 
beneficial effects of resistance training on anxiety and sleep quality are particularly important. 
Specifically, it is possible that the effects of resistance training on PTSD may occur indirectly by 
improving co-occurring conditions that are known to exacerbate PTSD, such as anxiety. Again, 
this is supported by our exploratory findings. 
 Finally, in contrast to previous research, this study recruited a community sample who 
screened positive for PTSD, rather than a clinical sample. In fact, none of the participants in this 




because it is well known that many individuals who have or screen positive for PTSD do not 
seek out traditional forms of treatment (Elbogen et al., 2013). Importantly, the excellent 
attendance of the resistance training group (i.e., 93% session attendance) suggests a 
willingness to engage in high intensity resistance training by this population as a potential 
treatment for PTSD.  
 
Conclusion 
 In summary, the results of this study suggest that three weeks of high intensity 
resistance training is an acceptable and feasible intervention for individuals who screen positive 
for PTSD. Additionally, it appears that resistance training can help to improve anxiety symptoms 
and sleep quality in this population, and it may be particularly helpful for individuals with co-
occurring anxiety symptoms. Thus, further investigating the effects of high intensity resistance 












Research Question 1: What is the effect of a 3-week high intensity resistance training 
intervention on the PTSD hyperarousal and avoidance symptom clusters in anxious adults who 
screen positive for PTSD when compared to a 3-week time-matched attention control? 
Hypothesis 1a: Hyperarousal symptoms will decrease significantly more from baseline to 
follow-up for the resistance training group compared to the control. 
Hypothesis 1b: Avoidance symptoms will decrease significantly more from baseline to 
follow-up for the resistance training group compared to the control. 
 
Secondary Outcomes 
Research Question 2: What is the effect of a 3-week high intensity resistance training 
intervention on anxiety symptoms in anxious adults who screen positive for PTSD when 
compared to a 3-week time-matched attention control? 
Hypothesis 2: Anxiety symptoms will decrease significantly more from baseline to follow-
up for the resistance training group compared to the control. 
 
Research Question 3: What is the effect of a 3-week high intensity resistance training 
intervention on PTSD-related co-occurring conditions (e.g., sleep quality, depressive symptoms) 
in anxious adults who screen positive for PTSD when compared to a 3-week time-matched 
attention control? 
Hypothesis 3: Co-occurring poor sleep quality and depressive symptoms will decrease 
significantly more from baseline to follow-up for the resistance training group compared 







Research Question 4: What is the relationship between potential mechanisms of action (e.g., 
cognitive appraisal, perceived exertion, acute changes in affect, arousal, and distress) and 
PTSD symptoms? 
Hypothesis 4: Changes in posited mechanisms of action will significantly predict 




 Participants were recruited from the local community using online classified listings (e.g., 
Craigslist and Columbia RecruitMe), social media, flyers, word of mouth, and newspaper 
advertisements. Interested individuals were screened over the phone to determine initial 
eligibility. Potentially eligible individuals were invited to Teachers College for an in-person 
orientation to the study, and further screening. Eligible participants completed baseline 
assessments over the course of two weeks (details provided below). Participants were then 
randomly assigned to either the 3-week resistance training intervention or a time matched 
attention control. Follow-up assessments were conducted in the week after the intervention. The 
study was approved by the Teachers College Institutional Review Board (see Appendix D). All 
data were collected between July 2017 and April 2018. 
 
Participants 
 To be eligible, participants had to be adults aged 18 to 45 years. All reported 
experiencing a recent traumatic event (i.e., within the past two years), and screened positive for 
PTSD, using the PSD5 (Foa et al., 2015). Additionally, all participants reported having persistent 
symptoms during the previous 90 days, as about 50% of the adult cases of PTSD resolve 




Association., 2013; Foa et al., 2007). Participants also scored ≥45 on the STAI-Y2 form to be 
considered trait anxious. 
 Participants were excluded from the study if they were in/or seeking treatment for PTSD 
or other mental health disorder, such as trauma-focused group or individual psychotherapies, or 
taking anti-anxiety medications (e.g., selective serotonin reuptake inhibitors; SSRIs). 
Additionally, anyone with current or a history of heart, lung, or metabolic diseases, or any other 
medical contraindications to high intensity exercise or resistance training (e.g., musculoskeletal 
disorders) were excluded. Finally, individuals who were physically active (i.e., >60 min/week or 
any resistance training) were excluded.  
The age limit was restricted to 45 in this study as a safety precaution. Based on the 
newest guidelines, sedentary individuals older than 45 should not participate in high intensity 
exercise without the permission of a physician (Riebe et al., 2015). 
 
Measures 
Demographics and Health History 
 Demographic data such as age, gender, race/ethnicity, education, and income were 
collected through self-report. Additionally, a physical and mental health history interview (e.g., 
height, weight, resting blood pressure) was conducted to screen for any contraindications to 
exercise, and to determine if participants were seeking/currently engaged in treatment for a 
mental health disorder (e.g., PTSD). 
 
Trauma History and PTSD Symptoms 
 PTSD screening and symptom assessment was assessed with the PDS5 (Foa et al., 
2015). Specifically, experiencing ≥1 re-experiencing symptom, ≥1 avoidance symptom, ≥2 




required to screen positive for PTSD. For a detailed description of the PSD5 refer to the Chapter 
II. 
 
Trait Anxiety and Depressive Symptoms 
 Trait anxiety was assessed using the STAI-Y2 form (Spielberger et al., 1983). A score of 
≥45 was used as a cut off to be considered trait anxious (Bunevicius et al., 2013). Additionally, 
the CESD was used to assess co-occurring depressive symptoms (Radloff, 1977). For detailed 
descriptions of the STAI and CESD refer to the Chapter II. 
 
Sleep Quality and PTSD Related Sleep Disturbances 
 Global sleep quality for the past month was assessed with the PSQI (Buysse et al., 
1989).  In addition, an addendum to the PSQI was used to specifically measure sleep 
disturbances caused specifically by PTSD (Germain, Hall, Krakow, Katherine Shear, & Buysse, 
2005). The PSQI Addendum for PTSD (PSQI-A) consists of seven additional items that are 
ranked from 0 “Not in the past month” to 3 “Three or more times a week”. Each item represents 
a PTSD-related source of sleep disturbance (e.g., hot flashes, nervousness, trauma related 
nightmares, or physically acting out dreams). For scoring, the seven items are summed 
producing a score ranging from 0-21. The PSQI-A has good internal consistency (α = 0.85), and 
a score of ≥4 is recommended as an indicator of PTSD (sensitivity 94% and specificity 82%) in 
women (Germain et al., 2005). 
 
Cognitive Appraisal 
 A two-item, 7-point visual analog scale was used to assess the participants’ perception 
of the exercise task. Both items are ranked from 1 “Not at all” to 7 “Extremely”. The first item 
asked participants, “How stressful do you expect the upcoming task to be?” and the second 




by item-2. Scores of <1 represent a perceived challenge, 1 being unsure, and scores >1 
represent a perceived threat (Moore, Vine, Wilson, & Freeman, 2012). 
 
Affect and Arousal 
 The Feeling Scale (FS) was used to assess acute changes in affective valance during 
exercise (Hardy & Rejeski, 1989). The FS is an 11-point, single-item scale with rankings ranging 
from -5 “Very Bad” to 0 “Neutral”, and through +5 “Very Good”. Acute changes in arousal (e.g., 
how “worked up” a person feels) were measured with the Felt Arousal Scale (FAS) (Svebak & 
Murgatroyd, 1985). The FAS is a 6-point, single-item scale. Rankings range from 1 “Low 
Arousal” to 6 “High Arousal”. 
 
Distress 
 Acute changes in distress during study sessions were assessed with the Subjective 
Units of Distress Scale (SUDS) (Jaycox, Foa, & Morral, 1998). The SUDS is a single-item 
measure with rankings from 0 to 100. Zero represents “Totally Relaxed” and 100 is “Highest 
distress/fear/anxiety/discomfort that you have ever felt”, which is typically anchored with an 
individual’s traumatic event or a related experience. This measure was specifically selected to 
assess moment-to-moment distress because it is a clinical tool used to gauge a patient’s 
distress during PE therapy sessions (Foa et al., 2007).  
 
Perceived Exertion  
 The 11-point, single item Category Ratio Perceived Exertion Scale (Noble et al., 1983) 
was used to assess the participants’ perceived exertion during each resistance training session, 
and to ensure the intensity of the training session was sufficiently intense. Scores >6 are 





Muscular Strength Assessment 
 The National Strength and Conditioning Association’s guidelines for determining multiple 
repetition maximum (RM) for muscular strength were followed (Haff et al., 2015). The exercises 
assessed were squats, bench press, lat pull-down, overhead press, and biceps curls. Prior to 
testing, participants warmed up on a stationary bicycle for 3-5 minutes, followed by 
progressively heavier warm-up sets for each exercise. During testing, if a successful RM 
attempt was made, the load was increased by 5% to 10% for upper body exercises (i.e., bench 
press, lat pull-down, overhead press, and biceps curls), and 10% to 20% for the lower body (i.e., 
squats). Participants rested for 2-4 minutes between each set and exercise. 
 
Baseline Assessment Protocols and Randomization 
 Baseline session 1 included an orientation to the study protocols and was used to gain 
informed consent. Consenting individuals were then screened for full eligibility using 1) 
demographics and health history; 2) PDS5; and 3) STAI. If eligible, muscular strength was 
assessed and participants were scheduled for baseline session 2.  
Baseline session 2 included assessments of secondary outcomes (i.e., PSQI, PSQI-A, 
and CESD), and a reassessment of muscular strength. Reassessing muscular strength was 
important to ensure accuracy of the muscular strength assessments because the maximum 
values were used as the load in the resistance training intervention. Furthermore, comparing the 
baseline muscular strength scores from the pilot study shows that the mean 8-RM significantly 
increased from baseline session 1 to 2 for all five exercises without further intervention (see 
Table 5 below). This is likely because the participants were inexperienced weight lifters and 







Table 5. Comparison of Muscular Strength at Baseline Session 1 and 2 (n=22) 
  Baseline session 1 Baseline session 2 P-value 
 Mean (standard deviation)  
Muscular Strength, 8-RM    
Squats, lbs. 96.7 (53.2) 114.3 (51.6) p < 0.001 
Bench press, lbs. 24.0 (30.7) 31.7 (35.7) p < 0.001 
Lat pull-down, lbs. 49.8 (18.9) 52.9 (21.4) p = 0.039 
Overhead press, lbs. 29.3 (10.5) 33.6 (11.3) p < 0.001 
Biceps curls, lbs. 29.0 (10.2) 32.1 (12.4) p = 0.002 
RM=Repetition Maximum; lbs.=pounds   
 
 At the completion of baseline session 2, participants were randomized into either the 
resistance training group or the attention control group. Randomization was blocked on gender 
using a computerized random number generator (Sealed Envelope Ltd. 2016). Two sets of 
sequentially numbered opaque envelopes (i.e., one for each block) were filled with index cards 
containing the allocated condition. Preparation of allocation materials were completed by an 
individual not directly participating in the data collection for this study. Blocking on gender was 
done to ensure that gender was balanced between groups, as there are well known differences 
in the prevalence of PTSD between men and women (Sareen, 2014), and emerging evidence 
suggests that men and women may respond differently to the current treatments for PTSD 




Participants randomized into the resistance training intervention were required to attend 
three, 30-minute sessions per week for three weeks (i.e., nine total sessions). Each 30-minute 
session consisted of a 5-minute warm up on a stationary bicycle, five resistance training 
exercises (i.e., squats, bench press, lat pull-down, overhead press, and biceps curls) done over 
the course of 20 minutes, finishing with a 5-minute cool down on a stationary bicycle. Potential 




were assessed prior to the warm up, 15 minutes into the session (i.e., at the mid-point of the 
exercise bout), and again at the 30-minute mark, following the cool-down. Heart rate was 
monitored throughout the session, and the participant’s RPE was assessed at the 15 and 30-
minute mark. 
The load of each exercise was equal to the 8-RM achieved during the initial baseline 
assessments. Participants were instructed to perform each set of each exercise to momentary 
failure, performing two to three sets for each exercise. Participants rested for 60 to 90 seconds 
between sets and exercises. This protocol was expected to produce RPE scores consistent with 
high intensity exercise. 
All training sessions were individual, conducted on-site, and led by a certified personal 
trainer. Interpersonal interaction was limited and focused on guiding the participant through the 
protocol. To ensure sufficient recovery, sessions were conducted on nonconsecutive days (e.g., 
Monday/Wednesday/Friday). 
 
Control Protocols and Description of Content 
Participants randomized into the attention control group attended nine, 30-minute 
sessions over the course of three weeks. Each session consisted of videos on various 
educational topics (excluding exercise and mental health). Example topics included basic 
nutrition, the universe, and time perception. The purpose of these sessions was to ensure that 
participants in the control group had the same amount of exposure to the research staff as the 
resistance training group. Therefore, to be consistent with the experiences of the intervention 
group, individual sessions were conducted on-site, on nonconsecutive days, and participants 








 In the week following the intervention, participants completed a follow-up assessment 
where all of the baseline measures were repeated. See Table 6 below for a summary of the 
assessments across the study. 
Table 6. Study Assessments by Time Point 
    
 Screen Baseline Intervention Follow-up 
Participant Characteristics         
Medical History X X  X 
Demographics X X   
Height and Weight  X  X 
Primary Outcome     
PTSD Symptoms X X X X 
Secondary Outcomes     
Trait Anxiety X X  X 
Depressive Symptoms  X  X 
Sleep Quality  X X X 
Exploratory Outcomes     
Cognitive Appraisal   X  
Affect & Arousal  X X X 
Distress  X X X 
Fitness Outcomes/Manipulation Checks     
Muscular Strength  X  X 
Heart Rate  X X X 
Perceived Exertion During Exercise   X  
Resting Blood Pressure  X  X 
 
Participant Compensation Strategy 
 Cash incentives were provided to participants to compensate them for their time and 
expenses incurred traveling to and from the research site. Specifically, participants received 
$5.50 (i.e., roundtrip cost of New York City public transportation) for each session attended, 
starting at the first study session after randomization. With the travel fare reimbursed for a total 
of 9 sessions the cost per participant was $49.50. 
 Additionally, to compensate participants for their time, each received a $10 Target gift 




and $50 gift card at the follow-up assessment session. In total, participants received $149.50 in 
compensation if they attended all study sessions.  
 
Sample Size Calculation and Statistical Analysis 
  A power analysis was conducted using the data collected from the pilot study to 
estimate the number of participants required to achieve 80% power with an alpha level of 5%, 
using G*Power 3.1. Based on the exploratory analyses of the 13 participants who scored ≥45 on 
the STAI in the pilot study, the repeated measures, within-between subjects interactions for 
avoidance and hyperarousal symptoms produced effect sizes of ƒ = 0.494 (η2 = .196) and ƒ = 
0.473 (η2 = .183) respectively. With a 2 (Group) X 2 (Time) factorial ANOVA design and using 
the more conservative effect size (i.e., ƒ = 0.473) the following parameters were computed: 1) 
Noncentrality parameter λ = 8.51; 2) Critical F value = 4.10; 3) Numerator df = 1.0; 4) 
Denominator df = 38.0; 5) Actual power = 0.81; and 6) Total sample size = 40. As such, a total 
of 20 participants per group (n = 40) was the target recruitment goal to adequately compare the 
effects of resistance training to an attention control condition for the PTSD avoidance and 
hyperarousal symptom clusters. 
Primary outcomes (i.e., hypotheses 1a, and 1b), and secondary outcomes (i.e., 
hypotheses 2, and 3) were analyzed using 2 x 2 factorial ANOVA. Specifically, the between-
subjects factor “Group” had two levels (i.e., Intervention and Control), and the within-subjects 
factor “Time” also consisted of two levels (i.e., Baseline and Follow-up). Estimates of effect size 
were calculated with Cohen’s d. 
Exploratory outcomes (i.e., hypothesis 4) were analyzed using longitudinal mixed-effects 
regression models, assessing the effects of potential mechanisms of action on PTSD symptoms 
in the resistance training group. Specifically, the weekly measurement of the mechanism (e.g., 
cognitive appraisals, RPE, and acute changes in affect, arousal, and distress) were regressed 




confounders (e.g., age and gender) were also examined, and model selection was based on the 
evaluation of Akaike information criterion. Random intercepts were used to model an individual 
starting point for PTSD symptoms. Statistical significance was set a priori at p < .05. 
 
Results 
 For details on the study flow and CONSORT table, see Figure 3. In summary, 217 
individuals were screened for eligibility over the phone, resulting in 56 in-person screenings and 
30 randomized participants. The sample was 73.3% female, with a mean age of 29.1 years (SD 
= 7.4), and 63.3% identified as a non-white racial group. The average PDS5 score for the total 
sample was 41.1 (SD = 10.6), and the mean scores for the re-experiencing, avoidance, mood 
and cognitive, and hyperarousal symptom clusters were 9.0 (SD = 3.2), 6.0 (SD = 1.6), 13.8 (SD 
= 5.8), and 12.4 (SD = 3.5), respectively. Additionally, participants reported an average of 2.5 
(SD = 1.5) traumatic experiences. The most commonly reported traumatic event was sexual 
assault (36.7%), followed by other traumas (e.g., the sudden/unexpected loss of a child or 
spouse; 30.0%), and physical assault (23.3%). A summary of baseline descriptive 
characteristics divided by group can be seen in Table 7. Importantly, there were no significant 
baseline differences for any demographic or outcome variables. 
 Participants attended a mean of 7.2 (SD = 2.3) and 6.6 (SD = 2.4) sessions for the 
resistance training and control groups respectively. The number of sessions attended was not 
significantly different between groups (p = 0.50). Specific to the resistance training group, the 
mean session RPE score was 8.2 (SD = 1.2), indicating the exercise intensity of the sessions 
was high (Day et al., 2004; Sweet et al., 2004). As a final manipulation check for the 
intervention, the resistance training group significantly improved on all measures of muscular 
strength (i.e., squats, bench press, lat pull-down, overhead press, and curls) from baseline to 





Table 7. Sample characteristics (n=30)   
  Intervention (n=15) Control (n=15) 
 Mean (standard deviation) 
Age 27.7 (5.9) 30.5 (8.6) 
Height, inches 64.8 (5.7) 65.7 (3.7) 
Weight, lbs. 158.9 (44.3) 153.4 (40.6) 
Muscular Strength, 8-RM   
Squats, lbs. 92.0 (69.9) 74.3 (36.6) 
Bench press, lbs. 31.3 (34.1) 29.0 (34.0) 
Lateral pull-down, lbs. 45.3 (32.4) 49.0 (27.0) 
Overhead press, lbs. 33.0 (13.5) 33.3 (12.6) 
Biceps curls, lbs. 36.3 (14.6) 34.0 (12.3) 
   
 n (%) 
Women 11 (73.3%) 11 (73.3%) 
Race   
White 4 (26.7%) 7 (46.7%) 
Black or African American 6 (40.0%) 3 (20.0%) 
Asian 4 (26.7%) 4 (36.7%) 
Other 1 (6.7%) 1 (6.7%) 
Education   
High school or less 0 (0.0%) 2 (13.3%) 
Some college/vocational school 5 (33.3%) 0 (0.0%) 
Completed college/vocational school 6 (40.0%) 10 (66.7%) 
Completed graduate school 4 (26.7%) 3 (20.0%) 
Employment status   
Employed at least part time 5 (33.3%) 7 (46.7%) 
Student 7 (46.7%) 5 (33.3%) 
Unemployed 2 (13.3% 3 (20.0%) 
Other 1 (6.7%) 0 (0.0%) 
Household Income   
≤$25,000 4 (26.7%) 4 (26.7%) 
$25,001-$40,000 3 (20.0%) 1 (6.7%) 
$40,001-$60,000 0 (0.0%) 3 (20.0%) 
>$60,001 5 (33.3%) 3 (20.0%) 
Do not know 3 (20.0%) 4 (26.7%) 










• Not meeting PTSD/Anxiety criteria (n=12) 
• Trauma was >2 years ago (49) 
• In treatment for PTSD or Anxiety (n=2) 
• Too physically active (n=14) 
• Medical contraindications (n=9) 
• <18 or >45 years old (n=42) 
Dropped out prior to receiving 
intervention (n=2) 
Dropped out prior to receiving 
intervention (n=1) 
Assessed for potential 
eligibility over phone 
(n=217) 
Screened for eligibility in 
person (n=56) 
Excluded at Baselines (n=26) 
• Not meeting PTSD criteria (n=20) 
• Trauma was >2 years ago (n=3) 
• Not meeting Anxiety criteria (n=1) 
• Schedule conflicted with study (n=1) 
• Too physically active (n=1) 
Lost before Baselines (n=33) 
• Unreachable/No Show (n=33) 
Randomized (n=30) 
Resistance Training (n=15) Attention Control (n=15) 
Lost to Follow-up 
(n=1) 
Lost to Follow-up 
(n=2) 
Analyzed (n=12) 
• Excluded (n=0) 
Analyzed (n=12) 
• Excluded (n=0) 








Research Question 1 – Resistance Training vs. Control for PTSD Symptoms 
 Results show a significant effect of Time (F = 40.7, p < .01, η2 = .66) for hyperarousal 
symptoms, such that the mean hyperarousal score significantly decreased from baseline to 
follow-up for the total sample. There was also as significant Time*Group interaction (F = 4.7, p = 
.04, η2 .18), demonstrating a significantly larger reduction in hyperarousal symptoms for the 
resistance training group (d = -1.84) relative to the control (d = -1.13). 
 Similarly, there was a significant effect of Time (F = 34.0, p < .01, η2 = .62) for avoidance 
symptoms, such that the mean avoidance score significantly decreased from baseline to follow-
up. The Time*Group interaction was not significant (F = 1.7, p = .20, η2 = .08); however, the 
effect size was larger for resistance training (d = -2.71) than the control group (d = -1.16). A 
graphic representation of these findings can be seen in Figure 4, and a summary of the mean 
changes and effect sizes for all of the PTSD symptoms measured by the PDS5 can be 
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  Baseline Follow-up d   Baseline Follow-up d 
Total PDS5 40.3 (11.7) 16.3 (11.3) † -2.09  40.9 (8.7) 25.5 (14.7) † -1.28 
Intrusion 9.1 (3.0) 3.9 (1.2) † -2.28  8.9 (2.5) 5.6 (3.9) † -1.01 
Avoidance 5.6 (1.7) 1.5 (1.3) † -2.71  6.3 (1.6) 3.8 (2.6) † -1.16 
Mood/cognitive 12.8 (7.1) 6.2 (6.1) † -1.00  14.1 (5.0) 8.6 (6.3) † -0.97 
Hyperarousal 12.7 (4.1) 4.6 (4.7) †‡ -1.84  11.6 (3.0) 7.6 (4.0) † -1.13 
PDS5=Posttraumatic Diagnostic Scale; SD=standard deviation; d=Cohen’s d; †=p<.05 vs. Baseline; 
‡=p<.05 vs. Control 
 
 
Research Questions 2 and 3 – Resistance Training vs. Control for PTSD Co-occurring 
Conditions 
 There was a significant effect of Time for trait anxiety (F = 9.8, p < .01, η2 = .32), such 
that the mean STAI score significantly decreased from baseline to follow-up. There was no 
Time*Group interaction (F = 3.5, p = .08, η2 = .14). Of note, the effect size change in anxiety 
from baseline to follow-up for the intervention group was large (i.e., d = -.81), while it was small 
(i.e., d = -.19) for the control.  
There was a significant effect of Time (F = 13.0, p < .01, η2 = .34) on the PSQI, and a 
significant Time*Group interaction (F = 4.7, p = .04, η2 = .19), demonstrating greater 
improvements in global sleep quality for the resistance training group (d = -1.06) when 
compared to the control (d = -.15). In contrast, there were no Time (F = 3.0, p = .1, η2 = .13) or 
Time*Group (F = .09, p = .8, η2 < .01) differences for the PTSD related sleep disturbances (i.e., 
the PSQI-A). The effect sizes for both the resistance training (i.e., d = -.36) and the control 
group (i.e., d = -.32) were small. 
 Depression symptoms (i.e., CESD) did not change significantly by Time (F = 1.5, p = 
.24, η2 = .07) nor was there a significant Time*Group interaction (F = 2.7, p = .12, η2 = .11). The 




was no apparent effect of the control on depression symptoms (i.e., d = .07). See Table 9 for a 
detailed breakdown of the mean changes from baseline to follow-up by group for all of the 
secondary outcomes. 
 
 Table 9. Group Comparison of Co-occurring Conditions  
 Resistance Training, Mean (SD)   Control, Mean (SD)  
  Baseline Follow-up d   Baseline Follow-up d 
STAI 57.3 (10.7) 48.7 (10.6)† -.81  53.8 (9.7) 51.7 (12.6) -.19 
PSQI 10.5 (3.4) 7.0 (3.2)†‡ -1.06  10.8 (5.1) 10.0 (5.3) -.15 
PSQI-A 7.5 (2.9) 6.3 (3.7) -.36  8.8 (5.8) 7.1 (4.9) -.32 
CESD 14.5 (7.2) 11.6 (7.1) -.47  13.4 (6.1) 13.8 (5.7) .07 
STAI=State-Trait Anxiety Inventory; PSQI=Pittsburgh Sleep Quality Index; PSQI-A=Pittsburgh Sleep 
Quality Index Addendum for PTSD; CESD=Center for the Epidemiological Studies of Depression 
Short Form; SD=standard deviation; d=Cohen’s d; †=p<.05 vs. Baseline; ‡=p<.05 vs. Control 
 
Research Question 4 – Potential Mechanisms of Action 
Cognitive Appraisal 
 Changes in the perception of the resistance training sessions over the course of the 3-
week intervention (i.e., changes from week 1 to 2, and week 2 to 3) significantly predicted 
changes in total PTSD symptoms (b = 7.1, SE = 2.9, p = .02). For example, a one unit decrease 
in cognitive appraisal score (e.g., perceiving exercise challenge from being uncertain) predicted 
a 7.1 point decrease in total PTSD symptoms. Age and gender were not significant covariates 
and including them in the model only reduced the model fit. As such, the model without age and 
gender was selected. The intraclass correlation coefficient (ICC) for the final model was 0.62, 
indicating moderate reliability (Koo & Li, 2016). 
 An examination of the specific symptom clusters revealed similar significant results for 
intrusion symptoms (b = 2.6, SE = .8, p < .01), and mood and cognitive symptoms (b = 2.5, SE 
= 1.1, p = .03), such that a change in the cognitive appraisal of exercise was positively 
associated with a change in these symptom clusters. The model ICC’s = .71, and .68 for 




The models for the avoidance and hyperarousal symptom clusters were not significant (p’s > 
.05). 
 
Perceived Exertion During Exercise 
 Changes in session RPE was a significant longitudinal predictor of total PTSD symptoms 
over the 3-week intervention period (b = -3.1, SE = 1.2, p = .01). The relationship was such that 
a one unit increase in RPE score significantly predicted a 3.1 unit decrease in total PTSD 
symptoms. Similar to above, initial models included age and gender as potential confounders, 
but were non-significant and selecting a model without them did not change the results and 
increased the model fit. The ICC for the final model was .73, again suggesting moderate 
reliability of the model. 
 Regarding the individual symptom clusters, changes in session RPE significantly 
predicted changes in hyperarousal (b = -1.1, SE = .39, p < .01), avoidance (b = -.45, SE = .21, p 
= .04), and mood and cognitive symptoms (b = -1.1, SE = .43, p = .02), such that increases in 
RPE scores predicted reductions in these symptoms. However, session RPE was not a 
significant predictor of intrusion symptoms (p > .05). The model ICC’s were .70 for hyperarousal 
symptoms, .47 avoidance symptoms, and .79 for the mood and cognitive symptom cluster, 
indicating moderate, poor, and good model reliability respectively. 
 
Affect, Arousal, and Distress 
 Changes in affect (b = .82, SE = 1.7, p = .63), arousal (b = 2.4, SE = 1.5, p = .12), nor 
distress (b = .18, SE = .13, p = .17) significantly predict changes in total PTSD symptoms during 
the exercise sessions. Additionally, none of the models for the individual symptom clusters 
reached significance when examining changes in state affect, arousal, or distress as a predictor 






 This study sought to test the standalone effects of high intensity resistance training on 
PTSD symptoms in anxious adults who screened positive for PTSD. The findings show that 
three weeks of resistance training can produce significantly larger reductions in the PTSD 
hyperarousal symptom cluster when compared to a time-matched attention control. As 
hypothesized, resistance training also had significant beneficial effects on global sleep quality 
relative to the control. Additionally, changes in the perception of exercise (i.e., cognitive 
appraisal and perceived effort) over the course of the intervention had an impact on the results 
and may offer a potential explanation as to why high intensity exercise has a beneficial effect on 
PTSD symptoms. 
 To our knowledge, this is the first study to demonstrate an effect of resistance training on 
PTSD symptoms, specially hyperarousal symptoms. These results further support the link 
between exercise and PTSD, and help to move the field forward, as prior research examining 
this relationship has primarily been observational and cross-sectional (Harte et al., 2013; 
LeardMann et al., 2011; Whitworth, Craft, et al., 2017; Whitworth, SantaBarbara, et al., 2017). 
The findings of this study may also have clinical significance, as hyperarousal symptoms are 
associated with aggression, alcohol use (Taft et al., 2007), and are a large contributor to PTSD-
related sleep problems (van Wyk, Thomas, Solms, & Lipinska, 2016). 
 This study also tested the effects of resistance training on the avoidance symptom 
cluster, as prior research has shown associations between high intensity exercise and 
avoidance symptoms (Whitworth, Craft, et al., 2017). The results showed a significant reduction 
in avoidance symptoms for the resistance training group from baseline to follow-up, but these 
effects were not significantly different than the control. Notably, the effect size was larger for the 





 Similar results were observed with the intrusion, and mood and cognitive symptom 
clusters. Specifically, resistance training produced large significant reductions in these 
symptoms; however, the effects did not differ significantly from the control group (see Table 8). 
Despite the lack of between-group differences for avoidance, intrusion, and mood and cognitive 
symptoms, the observed effects do represent clinically meaningful changes. For example, the 
mean total PDS5 score for the resistance training group decreased nearly 25 points from 
baseline to follow-up, while it was reduced by only 15 points in the control. In sum, these results 
provide supporting evidence of a beneficial relationship between exercise and PTSD.  
 Regarding the secondary outcomes, global sleep quality as measured by the PSQI 
significantly improved for the resistance training group from baseline to follow-up relative to the 
control. These results are consistent with the pilot study, and with our prior observational 
research. In contrast, there were no significant changes on the PSQI-A for either the resistance 
training or the control group. A potential explanation for this finding is that the PSQI-A quantifies 
disturbances directly relating to the trauma (e.g., nightmares), rather than quantifying changes 
in global sleep quality. Furthermore, the effects of resistance training on sleep appear to be 
specific to increases in sleep duration, improved sleep efficiency, and a lower usage of sleep 
medications (see Appendix F). Overall, the finding that sleep quality can be altered by 
resistance training is particularly important, as reduced sleep quality is one of the most common 
and persistent problems faced by those with PTSD (Pruiksma et al., 2016). 
 As for the intervention effects on trait anxiety and depression symptoms, resistance 
training appears to have a beneficial effect on both. Although the interaction terms were not 
significant, resistance training produced larger effects on trait anxiety and depression symptoms 
than the control. In fact, trait anxiety was significantly reduced from baseline to follow-up for the 
resistance training group but not for the control group. As such, it is possible the Time*Group 
interaction effects would reach significance with a larger sample. These findings are consistent 




2017) and depression (Ekkekakis, 2015). They are additionally relevant because these results 
add to a very small pool of studies that have examined the effects of exercise on PTSD co-
occurring conditions, and they provide more evidence for the beneficial effects of resistance 
exercise on anxiety and/or depression. 
 In addition to replicating the findings of the pilot study, the present study sought to bring 
further innovation to the field by exploring several potential mechanisms of action that may help 
explain the relationship between exercise and PTSD. The selected potential mechanisms were 
chosen in order to explore the applicability of our guiding theory (i.e., the Cross-stressor 
Adaptation Hypothesis). Among the potential mechanisms explored, it seems that how a 
person’s perception of exercise changes over time may be a factor in how their PTSD responds 
to the exercise. For instance, changes in the cognitive appraisal of exercise, such as 
reappraising exercise as a challenge from a threat over the course of the study significantly 
predicted reductions in PTSD symptoms (i.e., total symptoms, intrusion symptoms and 
avoidance symptoms). To our knowledge, this is the first study to show evidence supporting the 
beneficial effects of the habituation to the stress of exercise on PTSD symptoms and supports 
our use of the Cross-stressor Adaptation Hypothesis. 
 The results also showed that perception of effort during exercise significantly predicted 
reductions in PTSD symptoms (i.e., total symptoms, hyperarousal, avoidance, and mood and 
cognitive symptoms). In other words, the harder the participants worked, the more their PTSD 
symptoms tended to reduce over the course of the study. This finding is supported by prior 
observational research, suggesting the strongest relationships between PTSD symptoms and 
exercise are for high intensity exercise (Harte et al., 2013; Whitworth, Craft, et al., 2017). When 
considering this finding with the cognitive appraisal results, there is strong support for the Cross-
stressor Adaptation Hypothesis, which states that in order for habituation to occur, the exercise 




 Finally, we also explored acute changes in affect, arousal, and distress over the course 
of the intervention. Most of the participants (i.e., 78.6%) consistently reported positive changes 
in affect and decreases in distress from exercise; however, over one fifth of the participants (i.e., 
21.4%) reported the exact opposite. There was even more diversity in the arousal scores, 
suggesting a large variability in how the participants felt in response to the resistance training 
sessions. Unfortunately, none of these potential mechanisms were associated with changes in 
PTSD symptoms. This can likely be attributed to a number of reasons. First, the changes in 
affect can be short-lived and the effects may not have carried over into an extended period of 
time after the exercise sessions. Second, reductions in distress are typically associated with 
changes in PTSD symptoms, however, research has shown that a change in moment-to-
moment distress is not a requirement for reductions in PTSD symptoms (Bluett, Zoellner, & 
Feeny, 2014). Third, given that all participants were sedentary and new to exercise, it is 
possible that a nine-session, three-week intervention was too brief a period of time to 
comfortably adapt to the exercise and have an impact on PTSD symptoms via these 
mechanisms. Overall, these exploratory findings should be interpreted with caution. 
  
Study Limitations 
 As with any study, this study has limitations. The most prominent is the lack of a blinding 
during the assessments. Specifically, the baseline and follow-up assessments were conducted 
by the same individual who administered the intervention. As such, it is possible the results are 
affected by unintentional bias and should be interpreted with caution. Additionally, the small 
sample size is another important limitation. The goal was to recruit at least 40 participants; 
however, this proved to be a formidable challenge and took much more time and consumed far 
more resources than expected. This directly resulted in several underpowered analyses based 




analyses for hyperarousal and avoidance symptoms showed an achieved power of 55.6% and 
26.3%. As such, there is still a need for large adequately powered randomized controlled trials 
to fully examine the relationships between PTSD and exercise. 
 Another potential limitation of this study is the use of a self-report measure (i.e., the 
PDS5) to screen for, and assess, PTSD symptoms rather than a diagnostic interview. While the 
PDS5 is a validated measure of PTSD symptoms, its use prevents us from determining whether 
the participants met a clinical level of PTSD. Nonetheless, a strength of this study is that it 
specifically targeted community individuals who were not connected with care, and in many 
cases had no interest in seeking conventional forms of treatment (e.g., medication or therapy). 
 Finally, the brief intervention duration is another potential limitation of this study. 
Specifically, a longer intervention may have produced larger or even different results. However, 
the current intervention was intended to be brief and a minimal commitment because if shown to 
be effective, it could be easily replicated and put into practice. Even though the duration of the 
intervention was only three weeks, special attention was paid to the dose of typical course of 
therapy (e.g., 9-12 sessions for a standard course of Prolonged Exposure therapy) (Powers, 
Halpern, Ferenschak, Gillihan, & Foa, 2010), and the present intervention consisted of 9-
sessions. Importantly, recent research has shown condensed therapy (i.e., multiple sessions 
per week for fewer weeks) produces similar reductions in PTSD symptoms when compared to 
traditional therapy (i.e., a single session over the course of many weeks) (Foa et al., 2018).  
 
Conclusion 
 In sum, this is the first theoretically based randomized attention-controlled trial to test the 
effects of high intensity resistance training on PTSD symptoms and its co-occurring conditions. 
It fills an important gap in the research, as most studies to date have been observational or 
focused only on aerobic exercise interventions. The results suggest that 9, 30-minute sessions 




symptoms and improve global sleep quality in anxious adults who screened positive for PTSD. 
Additionally, changes in the perception of exercise, such as perceived effort and cognitive 
appraisal may help to explain some of the observed effects of resistance training on PTSD. This 
study also clearly demonstrated the importance of using an attention-control, as this group had 
significant changes in several of the measured PTSD symptoms. Overall, the results are 
encouraging and support a beneficial effect of exercise on PTSD. For the future, more 
randomized attention-controlled studies are needed to verify these results and to test other 
components of exercise, such duration or frequency. Additionally, further examination of 
potential mechanisms of action will be extremely valuable, as a better understanding of why 
exercise can reduce PTSD symptoms will directly inform the development of future evidence-
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APPENDIX E. Group Comparison of Muscular Strength 
 Resistance Training, Mean (SD)  Control, Mean (SD) 
  Baseline Follow-up   Baseline Follow-up 
Squats 94.1 (77.6) 139.1 (78.0) †‡  72.5 (39.0) 69.2 (32.4) 
Bench press 30.9 (40.2) 44.1 (44.0) †‡  26.7 (32.4) 21.7 (30.3) 
Lat pull-down 49.5 (35.7) 64.1 (38.2) †‡  47.1 (27.4) 42.5 (25.0) 
Overhead press 33.2 (15.7) 41.8 (17.5) †‡  31.7 (10.7) 28.8 (9.6) 
Biceps curls 35.9 (16.9) 45.0 (22.0) †‡  32.9 (11.0) 31.7 (9.1) 
















APPENDIX F. Group Comparison of the PSQI Subcomponents 
 Resistance Training, Mean (SD)  Control, Mean (SD) 
  Baseline Follow-up   Baseline Follow-up 
Sleep Duration 1.3 (0.9) 0.6 (0.7) †‡  1.2 (1.4) 1.5 (1.3) 
Sleep Disturbances 1.5 (0.5) 1.4 (0.5)  1.5 (0.7) 1.7 (0.9) 
Sleep Latency 2.2 (1.0) 1.7 (1.0)  2.0 (1.0) 1.8 (1.1) 
Daytime Dysfunction 1.6 (1.1) 1.3 (0.9)  1.8 (1.0) 1.2 (0.7) 
Sleep Quality 1.6 (0.8) 1.2 (0.9)  1.6 (0.9) 1.5 (0.7) 
Sleep Medications 0.7 (0.9) 0.3 (0.9) †  1.1 (1.2) 0.8 (1.2) 
Sleep Efficiency 1.5 (1.1) 0.5 (0.8) †‡  1.3 (1.2) 1.3 (1.3) 
SD=standard deviation; PSQI=Pittsburgh Sleep Quality Index; †=p<.05 vs. Baseline; 
‡=p<.05 vs. Control 
 
